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(57) Abstract 

A cycle time costing method and apparatus is provided to obtain cost, efficiency, bottleneck and value creation information in a 
manufacturing facility. The facility has a plurality of production lines each having a plurality of process steps. A work cell having a 
plurality of workers is responsible for each process step. Each work cell has a local processor for input of quantity and time information. 
The local processor communicates to a central processor via a local area network. The central process calculates cycle time costing 
information regarding each work cell. The cycle time costing information may include, among other information, gross cycle time (60), net 
cycle time (61), bottleneck costs and scrap information for each process step and/or a product manufactured. The cycle time information 
is transferred to a printer or display nearby a work cell. 
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METHOD AND APPARATUS FOR CYCLE TIME COSTING 



Field of the JnYfiPtion 

The present invention relates to obtaining cost information. In 
particular, the present invention relates to a method and apparatus 
for determining the cost of products in a manufacturing facility, 
thereby improving efficiency and profitability in manufacturing 
products. 

Description of the Related Art 

Manufacturing facilities are extremely complex and must 
accommodate: 1) a number of process steps; 2) a wide variety of 
products; and 3) a wide range of units per customer order. For 
example, a manufacturing facility which produces lead frames for 
semiconductor devices may have to produce 750 distinct types of 
lead frames. A lead frame may have from 8 leads to 208 leads. 
Some lead frame types may require relatively simple manufacturing 
steps, where other lead frames may require many complex process 
steps. Order quantities from customers can range from 10,000 units 
per order up to 1 ,000,000 units per order. 

Based on a customer order, workorders are generated listing 
what type of, and how many, products must be manufactured to fill 
a customer order. A workorder will include a lot number identifying 
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a quantity of material which will be processed into manufactured 
products. In the lead frame manufacture example, a lot is a reel of 
metal which will be processed to produce multiple lead frames. 
Generally, a shop packet or paper printout listing the workorder and 
other information accompanies lots or reels during the manufacturing 
process. 

A manufacturing facility generally includes a large number of 
production lines producing an array of distinct products. Each 
production line may include a number of process steps in 
manufacturing the final product. In the lead frame manufacturer 
example, process steps may include a dry etching step and a plating 
step, among a number of other process steps, in producing the lead 
frame product supplied to a customer. In each process step, there 
may be a time period wherein the units are being processed by a 
machine or undergoing a production run. When the units are not 
undergoing a production run, the units may be waiting or queued for 
another process step. 

Each process step may have groups of workers organized in 
teams to complete a particular process step. There may also be 
multiple shifts or different time periods during a given day where a 
different group of workers are assigned to a production line for a 
particular process step. In most modern manufacturing facilities, a 
type of system known as Manufacturing Resource Planning ("MRP") 
is used to keep track of work orders flowing through the production 
process. For example, an MRP system known as CHESS, supplied 
by McDonnell Douglas Information Systems, located at Long Beach, 
California, attempts to optimize the manufacturing process by 
intertwining various software modules. Typically, one module of an 
MRP system is the costing module. 
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From costing studies using a typical number of units produced 
under typical factory conditions, a "standard cost" is determined for 
each product. This standard cost comprises two component costs: 
1 ) raw material costs per unit; and 2) overhead allocation cost per 
5 unit. The standard cost is input into a costing module database 
accessible by the MRP system. As products flow through the 
production process, these standard costs are attributable to specific 
customer orders to determine whether the total cost of these units 
to the customer was less than, or greater than, the price charged to 

10 the customer. 

However, these MRP software packages do not accurately 
provide real-time detail information regarding the manufacturing 
process. In particular, these MRP software packages do not provide 
detailed information regarding specific process steps or obtain data 

15 on the actual production experience of each and every work order as 
it flows through the factory. MRP systems do not obtain cost 
information in real-time or as products are being manufactured at 
specific process steps. MRP systems rely upon standard costs in a 
database which may not accurately reflect the current number of 

20 units produced or current factory conditions. In order to obtain 
accurate cost information in MRP systems, additional cost studies 
requiring substantial amounts of clerical and administration costs is 
required. Because adequate information from specific process steps 
is not obtained, accurate information identifying how the 

25 manufacture of a specific product can be improved by improving 
particular process steps and their interaction is not possible. 

For example, during a particular process step or cycle, it is not 
known what amount of time is used in setting up the process or 
machine, rather than actually running the process. Further, there is 
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not adequate information as to how much and how long inventory 
has been waiting before undergoing a production run in a particular 
process step. Likewise, during the process step itself, there may not 
be accurate information as to the production run machine speed and 
5 whether process innovations or improved machines may enable a 
more efficiently manufactured final product. Further, there is no 
adequate information in regard to the inventory of completed process 
step units awaiting a next process step. There is no adequate 
information regarding when a process should be completed in order 

10 to coincide with a next process step processing capability. 

Similarly, adequate information regarding the efficiency or yield 
of a particular process step is not available. For example, adequate 
information regarding the amount of scrap or unusable completed 
process step units which should be allocated to a particular process 

1 5 step is not taken into account. Scrap units created in one process 
step may not be identified until a few process steps later. Thus, 
certain process steps may appear to be efficient while their scrap 
units are not accurately being identified. 

Further, typical costing methods called standard costing or 

20 "activity-based costing" only determine the amount of time a typical 
product workorder spends at each manufacturing step and multiplies 
this time by a time charge for equipment and labor associated with 
each manufacturing step. The total cost to manufacture the product 
is then determined by adding together the costs of each 

25 manufacturing step. However, these methods do not determine 
which process step in the series of production steps is the bottleneck 
for a specific product type and work order quantity. 

Also, value creation information in a process step must be 
identified. A process step should be able to compare with previous 
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production runs how efficient units are processed with respect to 
yield, flow efficiency and labor efficiency. 

Therefore, it is desirable to provide a method and apparatus 
which provides information concerning cost, efficiency, bottlenecks, 
5 scrap and value creation in particular process steps in manufacturing 
a product. Further, it is desirable to obtain not only cost, efficiency, 
bottleneck, scrap and value creation regarding a specific process step 
in manufacturing a product, but to obtain this information in all 
products in a manufacturing facility with a wide range of customer 
10 order quantities. This information should be obtained continuously 
in real-time using actual production information without requiring a 
priori costing studies. 

SUMMARY OF THE INVENTION 
1 5 Other aspects and advantages of the present invention can be 

seen upon review of the figures, the detailed description, and the 
claims which follow. 

According to the present invention, a method is provided 
which allows for obtaining cost information in a manufacturing 
20 facility using time and quantity data from a work cell. The time and 
quantity data is stored in memory. Cost information regarding the 
work cell is calculated in response to the time and quantity 
information. The cost information is then output to a display. 

The novel method automatically collects the time and quantity 
25 data in the current production cycle of ail units in the manufacturing 
facility. The actual cost of each work order and each product unit 
is calculated in real-time. The method eliminates the requirement for 
costing studies and the setting of standard costs. Further, the 
invention eliminates a substantial amount of clerical and 



WO 96/35187 




PCT/US96/05692 



6 

administrative costs, while generating real-time accurate and 
continuous cost information. 

In another aspect of the invention, the work cell completes a 
manufacturing process step. 
5 In another aspect of the invention, the time and quantity data 

includes unit acceptance and set-up time, unit acceptance quantity, 
manufacturing process step begin run time, complete run time and 
complete quantity. 

In another aspect of the invention, the cost information 
10 includes gross cycle time, net cycle time and scrap quantity. 

In another aspect of the invention, an apparatus improves a 
manufacturing facility which includes a work cell for completing a 
process step. Means for obtaining unit quantity and time data from 
the work cell is coupled to means for calculating cycle time cost 
1 5 data. Means for outputting the work cell cycle time cost data is then 
coupled to the means for calculating. The unit quantity and time 
data includes unit acceptance quantity, unit acceptance and set-up 
time, begin run time, unit complete quantity and unit complete time. 

20 In another aspect of the invention, the means for obtaining 

includes a bar code scanner coupled to a computer. The means for 
calculating includes a computer coupled to a network. The means 
for outputting includes a printer, projection screen or display screen. 
In another aspect of the invention, a system improves factory 

25 profitability. The factory includes a plurality of production lines and 
each production line includes a plurality of work cells. Means for 
obtaining unit information from a work cell in a production line is 
coupled to local processing means for storing unit information. 
Central processing means for calculating cycle time costing data is 
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coupled to the local processing means. Means for outputting the 
cycle time costing data is then coupled to the central processing 
means. The work cell cycle time costing data includes, among other 
information, gross cycle time, net cycle time, throughput, yield and 

5 bottleneck information. 

In another aspect of the invention, the means for obtaining 
includes a keyboard coupled to a computer. The local processing 
means includes a computer coupled via network to a central 
processing unit, including a server coupled to a computer. The 

0 central processing means includes a work cell activity module, a 
work cell value creation module, a manager report module, a 
bottleneck costing module and a scrap chargeback module. 
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PRl^F DESCRIPTION OF THE DRAWINGS 
This invention will be described with respect to the particular 
embodiments thereof, and reference will be made to the drawings, 
in which: 

5 Fig. 1 illustrates a manufacturing facility having a plurality of 

production lines and a plurality of process steps according to the 
present invention; 

Fig. 2 illustrates a portion of the manufacturing facility shown 
in Fig. 1 which includes work cells according to the present 
10 invention; 

Fig. 3 illustrates outputting unit quantity information from a 
work cell, including good units and scrap units after completing a 
process step according to the present invention; 

Fig. 4 illustrates outputting timing information from a work 
15 cell, including accept, begin and complete timing data, of a typical 
process step in a work cell according to the present invention; 

Fig. 5 illustrates work cell gross cycle time and net cycle time 
according to the present invention; 

Fig. 6 illustrates work cell produced scrap according to the 
20 present invention; 

Fig. 7 illustrates the cycle time costing logic flow according to 
the present invention; 

Ftg. 8 illustrates the interface between the cycle time costing 
system and a manufacturing resource planning {"MRP") module 
25 according to the present invention; 

Fig. 9 illustrates a work cell activity module logic according to 
the present invention; 

Fig. 10 illustrates a work cell yield report output from the work 
cell activity module logic according to the present invention; 



Fig. 1 1 illustrates a work cell throughput report output from 
the work cell activity module logic according to the present 
invention; 

Fig. 12 illustrates a manager report module logic according to 
the present invention; 

Fig. 1 3 illustrates a daily real production summary output from 
the manager report module logic according to the present invention; 

Fig. 14 illustrates a workorder summary report output from the 
work cell activity module logic according to the present invention; 

Fig. 15 illustrates a bottleneck costing module logic according 
to the present invention; 

Fig. 1 6 illustrates a stocknumber bottleneck report output from 
the bottleneck costing module logic according to the present 
invention; Fig. 17 illustrates a work cell value creation module 
logic according to the present invention; 

Fig. 18 illustrates a value creation report output from the value 
creation logic according to the present invention; and 

Fig. 1 9 illustrates a scrap chargeback module logic according 
to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Fig. 1 illustrates a manufacturing facility 1 5 according to the 
present invention. In an embodiment, manufacturing facility 15 
includes production lines 1-4. Production lines 1-4 manufacture 
products A-D. The beginning of a production line is identified by 
reference number 16, while the end of the production line is 
identified by reference number 17. In each production line, there are 
a number of processing steps A-D. In an alternate embodiment, 
there may be far greater or lesser production lines and process steps. 
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Also, various production lines could be located at different 
manufacturing facility locations. 

In an embodiment of the present invention, a lead frame 
manufacturing facility produces multiple types of lead frames for 
5 various semiconductor devices. Product A is a lead frame having 
only 8 leads, while product B is a lead frame having 208 leads. In 
the lead frame manufacturing facility embodiment, step A may 
include a dry etching process step, wet etching process step, or a 
stamping process step. Process step B could include a plating step, 

10 while steps C and D could include cut/tape and sort/pack process 
steps, respectively. 

In alternate embodiments, product A and product B could be 
the same product having the same stocknumber. Moreover, a 
number of units which have completed process step A in production 

15 line 1 could undergo process step B in production line 1 or process 
step B in production line 2. While the present invention has been 
described in terms of a production line, the present invention also 
may be implemented in a job shop environment where units are being 
processed or transferred from one job shop location or work cell to 

20 another job shop location or work cell. 

Manufacturing facility 1 5 is also partitioned into work cells. 
For example, work cells 12, 13 and 14 are indicated in production 
line 1 and production line 2. A work cell may also include a plurality 
of teams and may have multiple shifts or periods of time during the 

25 day when a given group in a work cell completes or is responsible for 
a particular process step. A work cell team includes a number of 
workers responsible for a particular process step. In the present 
embodiment, 7 workers would be assigned to a particular work cell 
team. More or less workers could also be assigned to a particular 
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work cell team. Time and quantity information associated with each 
work cell is obtained and transferred on network 11 to central 
processing 10. While Fig. 1 only illustrates 3 work cells, it should be 
understood that, preferably, each process step in a production line 
5 would have an associated work cell. 

Each production line and/or process step may have an 
associated bottleneck. For example, production line 2 in work cell 
14 illustrates a bottleneck in the manufacture of product B. A 
bottleneck is defined as the process step in a given production line 

10 which limits the capability, for various reasons, of the ultimate 
manufacture of a product. The bottleneck step is the step which 
yields the fewest units per minute of processing time. Like the 
bottleneck on a freeway, or the rate limiting step in a chemical 
reaction, the manufacturing bottleneck step determines the rate at 

1 5 which a product type in a specific work order size may flow through 
the entire factory. Bottlenecks will be discussed in particular detail 
below. 

Fig. 2 illustrates a portion of the manufacturing facility 1 5 as 
shown in Fig. 1. In particular, Fig. 2 illustrates a cycle time costing 

20 system 26 according to the present invention. Work cells 12 and 
13, for example, communicate with central processing 10 by bus 11. 
In the preferred embodiment, central processing 10 includes a 
Hewlett Packard 9000 server supplied by Hewlett Packard ("HP"), 
located at Santa Clara, California, and a personal computer, supplied 

25 by International Business Machines, Inc. ("IBM"), located at Armonk, 
New York. In an embodiment, bus 1 1 is a local area network. 

In an embodiment, work cell 13 and work cell 12 include local 
processing devices 20 and 23, respectively, which are coupled to 
bus 11. In an embodiment, local processing devices 20 and 23 are 
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personal computers supplied by IBM. Local processing devices 20 
or 23 have associated keyboards and displays. The keyboard may 
be used to input work cell time and quantity data. Local processing 
devices 20 and 23 are also coupled to bar code scanners 21 and 24 
5 in order to input work cell time and quantity data. The bar code 
scanners may be connected directly by wire to the local processing 
device or connected by wireless communication such as radio 
frequency signals. Bar code scanners may obtain work cell time and 
quantity information from bar codes on a shop packet. 

10 In an embodiment, the bar code scanners are supplied by 

Intermec, Inc., located at Everett, Washington. Work cell time and 
quantity data is transferred to central processing unit 10 via bus 1 1 
by using bar code scanners 21 and 24 and/or a keyboard coupled to 
local processing devices 20 and 23. 

1 5 Cycle time costing data, calculated from work cell time and 

quantity data, is output on bus 1 1 to local processing unit 20, 23 
and/or displays 22 and 25. In addition, the cycle time costing data 
may be printed. While each work cell may have a local processing 
apparatus, bar code scanner and display, in alternate embodiments, 

20 work cells may share local processing devices, bar code scanners 
and displays coupled to bus 11. 

In an embodiment, the present invention calculates the cost of 
manufacturing a product (apart from raw material cost) by using a 
Cycle Time Charge ("CTC"). The Cycle Time Charge reflects the 

25 actual cost of manufacturing by absorbing the expenses of the 
manufacturing plant over the capacity of the plant's bottleneck, 
which determines the effective capacity of the plant. 
Cycle Time Charge is defined as: 
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CTC = Operating Expenses/Operating Minutes 

(Equ.1) 

Operating Expenses are the total expenses of the plant, 
5 including payroll and depreciation, but excluding raw materials. 
Operating Minutes are determined for the plant's bottleneck by taking 
the number of days available for manufacturing, minus shutdown 
days, multiplied by the number of hours in the day that 
manufacturing takes place, multiplied by 60 minutes per hour, 
10 multiplied by the number of production lines in the bottleneck. 

When the Cycle Time Charge is applied to the Net Cycle Time 
Rate, described below, the cost per unit for a product can be 
determined. 

In typical MRP systems, the cost associated with a finished 
1 5 product would be determined by adding the various process steps 
raw materials costs per unit, and possibly labor costs, to obtain a 
final cost of a finished product. This method of obtaining cost 
information does not take into account the time associated with each 
process step or factory cash contribution per unit. MRP systems do 
20 not obtain quantity and time information associated with each work 
cell in order to determine more accurate cost and efficiency 
information. For example, MRP systems would not be able to 
determine how much time is actually taken in setting up a process 
step machine or preparing units to be processed and how much time 
25 is actually associated with the actual processing. Moreover, these 
MRP systems do not accurately account for the amount of scrap 
units associated with each process step or identify which work cell 
is responsible for creating the scrap units. For example, process step 
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A may generate scrap units which are not detected until process step 
C. Thus, process step A should be charged for the scrap units. 

Rgs. 3 and 4 illustrate how time and quantity data is obtained 
from each work cell. A worker in a work cell begins the set-up for 
5 processing a workorder/lot by inputting the accept quantity f AQ") 
number into a local processing device. The local processing device 
then time stamps the AQ quantity at accept and set-up 50 time 
("ATD") in Fig. 4. Similarly, when the production run of a process 
step is initiated in a work cell, a worker must input into a local 

10 processing device the begin run time 40 ("BTD") and the complete 
run time 41 ("CTD") when the production run is initiated and 
completed, respectively. Immediately prior to the completion of a 
process step, a worker will input the quantity of good units 42 
("CQ"). Local processing devices may automatically time date or 

15 identify BTD time and CTD time when a worker inputs quantity of 
units processed by either a bar code scanner or keyboard. As the 
worker inputs the ATD time, BTD time, CTD time, AQ quantity and 
CQ quantity data, either directly or indirectly by local processing 
device time stamps, worker's badge number, shift number and 

20 manufacturing location are also input. 

The next work cell, for example, work cell 13, will then 
likewise have a worker input the AQ quantity and ATD time, which 
is also the next accept CNAQ") quantity and next accept time 
("NATD") 50(a) for work cell 12, in a local process device in work 

25 cell 13. For example, when a worker in work cell 13 inputs an AQ 
quantity and ATD time, central processing 10 automatically assigns 
the AQ quantity and ATD time in work cell 1 3 as the NAQ quantity 
and N ATD time for work cell 1 2. 
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Because each work cell is responsible for inputting unit 
quantity and time information into a local processing device, as 
discussed above, central processing 10 is able to calculate cycle time 
costing information in each work cell. For example, gross cycle time 
5 60, shown in Fig. 5, for a particular work cell and in particular 
workorder and lot, can be obtained. This information indicates how 
long a work cell was responsible for a workorder/lot. This includes 
set-up time, production run time and queuing time (wait time) for the 
next process step, if necessary. Equations 2 through 10 refer to 
10 cycle time cost information per lot of a given workorder. Gross cycle 
time 60 is defined as: 

WWGCT = NATDw^CyP, - ATDWjl t c y p 2 (Equ. 2) 

15 where: 

WWGCT is Work cell/Workorder/Lot Gross Cycle Time; 

NATD is Next Accept Time/Date; 

ATD is Accept Time Date; 

Wj is Workorder/Job Number; 
20 c y is Team (for example, y = 1 to 5); 

p z is Process Step (for example, z = A to D); and 

l t is Lot or portion of a workorder 

With work cell gross cycle time calculated, workorder gross 
25 cycle time rate is calculated by: 

WWGCTR = WWGCTwjI^/NAQWjl^p, (Equ. 3) 

where: 
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WWGCTR is Work cell/Workorder/Lot Gross Cycle Time Rate; 

and 

NAQ is Next Accept Quantity. 

Likewise, net cycle time 61 can be obtained. Net cycle time 
indicates how long a particular workorder, or a lot in a workorder, 
took to complete a process step, for example, the time period from 
accept and set-up 50 to completion run 41. Net cycle time is 
defined as : 

WWNCT = CTDWjI.CyP, - ATDw^p, (Equ. 4) 

where: 

WWNCT is Work cell/Workorder/Lot Net Cycle Time; 
CTD is Complete Time/Date; 
ATD is Accept Time/Date; 
Wj is Workorder/Job Number; 
l t is Lot or portion of a workorder 
c v is Team (for example, y = 1 to 5); and 
p z is Process Step (for example, z = A to E). 

As with gross cycle time rate per work cell, net cycle time rate 
per work cell is defined as: 

25 WWNCTR « WWNCTw^c^/NAQw^CyP, (Equ. 5) 

where: 

WWNCTR is Work cell/Workorder/Lot Net Cycle Time Rate; 

and 
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NAQ is Next Accept Quantity. 

Central processing 10 can also obtain cycle time costing 
information for a workorder or a lot in a workorder completing 
5 multiple process steps in a production line. This information 
measures the total elapsed time from beginning of set-up for the first 
process step to acceptance of the workorder/lot by finished goods 
inventory or by the end-use customer. 

10 WGCT - NATDWjl t c v p 5 - ATDw^p, (Equ. 6) 

where: 

WGCT is Workorder/Lot Gross Cycle Time; and 
the product required 5 process steps (A through E). 



15 



20 



Likewise, net cycle time for a workorder or a lot in a workorder 
completing multiple process steps in a production line is defined as 
the sum of net cycle times for all work cells processing the 
workorder/lot: 

WNCT = Z CTDWjItCyP, - ATDwjl t c y p 2 (for example, z = 1 to 5) 

(Equ. 7) 



where: 

25 WNCT is Workorder/Lot Net Cycle Time; and 

the product required 5 process steps (A through E). 



Gross flow rate and net flow rate for a lot in a workorder are 
defined below. 
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WGFR = NAQw^/GCTWjl, (Equ. 8) 

WNFR - NAQw^/NCTwjl, (Equ. 9) 

where: 

5 WGFR is Gross Flow Rate; and 

WNFR is Net Flow Rate. 

Gross flow rate and net flow rate for a work cell may be 
similarly calculated. 
10 Finally, lot per workorder yield and flow efficiency are defined 

as: 



WY = NAQwjI./AQw,!, (Equ. 10) 

FE = WNCT/WGCT (Equ. 11) 



15 



where: 

WY is Yield; and 

FE is Flow Efficiency. 

20 Work cell yield and flow efficiency may also be calculated 

similarly. 

By calculating the cycle time cost information above for each 
work cell and for all work cells in a production line which process a 
completed product, a large amount of cycle time costing information 
25 is obtained to identify opportunities for improving the manufacturing 
process. For example: 1) work in progress (WIP) may be cut; 2) set* 
up time for process machines can be reduced; 3) process or machine 
speed may be increased, if possible; 4) process innovations in a 
particular work cell may be more effectively evaluated; 5) quantities 



output from particular work cells may be timed to customer requests 
or next work cell requests and delivery speed to the next work cell 
can be increased. 

Likewise, Fig. 6 illustrates how the present invention identifies 
scrap from a work cell. Identifying total scrap 70 in Fig. 6, which 
includes self-reported scrap 71 and customer-reported scrap 72, also 
creates opportunities for improvement in the manufacturing process. 
If individual work cells will be charged for their scrap units, workers 
will be more inclined to: 1 ) inspect incoming goods; 2) increase 
machine accuracy; 3) look to process innovations which reduce 
scrap; and 4) respond to customer requests in order to reduce 
customer-reported scrap 72. 

Fig. 7 illustrates logic flow 80 of the cycle time costing system 
26 according to the present invention. Quantity and time information 
are input at respective work cells in logic block 81. As described 
above, quantity and time information may be input by either a bar 
code scanner, keyboard, combination thereof, or other input device 
means. Cycle time costing system 26 then obtains work cell data 
from each work cell in the manufacturing facility 1 5 in logic block 
82. As described above, one embodiment obtains manufacturing 
work cell data in cycle time costing system 26 by using a MRP 
CHESS software package and an HP 9000 server coupled to a local 
area network. Relevant work cell data is then extracted from a 
database in logic block 83. In an embodiment, relevant work cell 
data is extracted using a CHESS data extract file of fixed width 
format. Finally, various cycle time costing application modules 84 
then may be used in order to calculate the selected data. Cycle time 
costing application modules 84 include: 1) work cell activity module 
85; 2) work cell value creation module 86; 3) manager report module 
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87; 4) bottleneck costing module 88; and 5) workorder scrap 
chargeback module 89. in an embodiment, the above modules are 
software application routines using Excel 5.0, supplied by Microsoft, 
located at Redmond, Washington, on a personal computer in central 
5 processing 10. In alternate embodiments, cycle time costing 
applications could be designed in hardware using various hardware 
logic. 

Fig. 8 illustrates the interface between cycle time costing 
system logic 80 and an MRP module 90, In an embodiment, MRP 

10 module 90 is a Chess system which includes a workorder module, an 
inventory module, costing module and engineering module. The 
cycle time costing logic 80 obtains work cell data from a common 
database 91. In a preferred embodiment, the database is an Oracle 
database supplied by Oracle, located at Long Beach, California. 

15 Fig. 9 illustrates the logic flow of the work cell activity module 

85 illustrated in Fig. 7. Work cell activity module logic 85 identifies 
workorders completed by selected work cells during a selected time 
period. Logic block 100 selects a work cell and time period. Work 
cell data is then collected for the selected work cell and selected 

20 time period in logic block 101. Cycle time costing variables by 
stocknumber are calculated in logic block 101. Cycle time costing 
variables, which are calculated in logic block 102, include: 1) gross 
cycle time; 2) net cycle time; 3) net flow rate; 4) gross cycle time 
rate; 5) net cycle time rate; and 6) yield. Cycle time costing 

25 variables are then output to a report format in logic block 102. 
Finally, the report formats are either printed or displayed on a screen 
in logic block 104. 

Figs. 10 and 11 are example report formats. The report 
formats may be output at: 1 ) screen or printers at central processing 
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10; 2) local processing printers or screens 20 and 23 shown in Fig. 
2; or 3) projected on large screens 22 or 25 in Fig. 2. Thus, work 
cells have immediate information as to cycle time costing variables 
in order to identify bottlenecks and improve efficiency. Likewise, 
5 managers at central processing 10 also have cycle time costing 
information. 

Fig. 10 illustrates a report format output from work cell 
activity module 85 in Fig. 9. Fig. 10 illustrates a work cell yield 
report for a work cell completing a cut/tape process step. The team 

10 and shift is yellow and three, respectively. The time period selected 
is from March 19, 1995 to March 25, 1995. As can be seen, a list 
of stocknumbers associated with a given product is listed in a first 
column. Accepted and completed quantities for each stocknumber 
are listed in columns 3 and 4. individual throughput rates and scrap 

15 rates associated with each product are also calculated and listed in 
columns 5 and 6. Finally, yields are listed in the final column. 

For example, on the first line, 13.38K of stocknumber 50802 
was accepted by the yellow team cut/tape work cell from March 19, 
1995 to March 25, 1995. The cut/tape work cell then completed 

20 13.25K units of stocknumber 50802 during the selected time period. 
The product had a throughput quantity of 13.25K and a scrap 
quantity of 0.1 3K. This resulted in 99% yield. 

Similarly, Fig. 1 1 illustrates a work cell throughput report for 
the yellow team cut/tape work cell during shift 3 at the time period 

25 from March 19, 1995 through March 25, 1995. As in Fig. 10, 
individual stocknumbers are listed on the left-hand column with 
throughput quantity and yields for individual stocknumbers listed in 
columns 3 and 4. Average gross cycle time and average net cycle 



WO 96/35187 




PCT/US96/05692 



22 

time per lot are also output in a days: hours: and minutes: format. 
Finally, net flow rate is likewise listed in the final column. 

Fig. 1 2 illustrates manager report module logic 87 identified in 
Fig. 7. Logic block 140 selects the time period and manufacturing 
5 facility location to analyze. Logic block 141 then collects the 
workorders completed during the selected time period. Logic block 
1 42 collects work cell data relevant to the completed workorders. 
Logic block 143 then calculates cycle time costing variables by 
workorder. The calculated cycle time costing variables in logic block 

10 143 then may be summarized by workorders for suitable time 
increments in logic block 144 or separated by relevant product 
segments in logic block 146. The output from logic block 146 is 
input to logic block 147 which summarizes cycle time costing 
variables by product segment for a suitable time increment. Both 

15 outputs of logic blocks 147 and 144 are input to cycle time costing 
report formats in logic block 148 and logic block 145, respectively. 

Fig. 13 illustrates a report format output from logic block 145 
in Fig. 12. Fig. 13 illustrates a daily reel production summary for the 
selected period from March 26 r 1995 through April 1, 1995. Among 

20 other cycle time costing variables, gross cycle time and net cycle 
time is displayed. Likewise, gross cycle time and net cycle time per 
reel are also summarized. Various cycle time costing variables are 
identified on a per-day basis from March 26, 1 995 through April 1 , 
1995. For example, on March 27, 1995, 10 reels were finished, 

25 producing 74K units. The gross cycle time and net cycle time was 
46.62 hrs./K and 16.92 hrs./K, respectively. The yield was 
approximately 64%, with a flow efficiency of 36%. Net raw 
materials cost was $3,388 and scrap cost was $1,782, with a total 
cost of $5,170. 
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Fig. 14 also illustrates a cycle time costing workorder 
summary report output from work cell activity module logic 85. The 
workorder summary report identifies workorder 6211, and 
specifically lot 1 identified under the third ("Line") column. The 
5 workorder identifies stocknumber A58447 going through the dry 
etching, wet etching, plating, taping, cutting and sort/pack process 
steps in respective work cells. Employee names identifying 
accepting the various unit quantities into each work cell are also 
identified along with date and time information. 

10 Fig. 15 illustrates the bottleneck costing module logic 88 

identified in Fig. 7. A time period and stocknumber is selected in 
logic block 1 60. Relevant work cell data is then collected in logic 
block 1 61 . Cycle time costing variables by stocknumber for each 
process step and work cell is calculated in logic block 162. The 

1 5 average net flow rate is then determined for each process step in 
logic block 163. From among the calculated average net flow rates 
for each process step, the lowest average net flow rate determines 
the bottleneck. Stocknumber bottleneck cycle time cost is calculated 
in logic block 164 and outputted to logic block 165 which generates 

20 a report format. The stocknumber bottleneck cycle time cost is 
calculated in logic block 1 64 by determining the relationship of the 
bottleneck process step net cycle time rates to the quantity of good 
units produced. This relationship is established using standard linear 
regression techniques. A relationship other than linear, e.g., 

25 exponential or logarithmic, could also be established or used. 

The stocknumber/lot raw material cost ("RMCs x ") is calculated 
using the unit raw material cost for the particular stocknumber and 
dividing by the average net yield of that stocknumber as in Equation 
1 5 below. 
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Thus, the total bottleneck stocknumber cost is defined as the 
sum of the bottleneck cycle time cost plus the stocknumber/lot raw 
material cost. 

5 TBCs x = BCTCs x + RMCs x (Equ, 12) 

and: 



Bs x = Process Step with Minimum (WNFRs x p r ) 
10 (Equ. 13) 

BCTCs x = WWNCTRs x (for Bs x ) * CTC * NAQp 5 (Equ. 14) 
RMCs x = RMs x /Average WYs x (Equ. 15) 

where: 

1 5 Bs x is Stocknumber Bottleneck; 

BCTCs x is Bottleneck Cost; and 
RMCs x is Raw Material Cost. 



Fig. 1 6 illustrates a report format from logic block 1 65. The 
20 selected time period is from February 10, 1995 through February 15, 
1995. In this example, analyzing a bottleneck by process step, 
identifies the sort/pack process step is a bottleneck by having a flow 
rate in parts per hour of 33. Further, analyzing by work cell 
illustrates that the sort/pack process step has an average net flow 
25 rate in parts per hour of 10. The output from this report illustrates 
that in order to increase average net flow rate and ultimately profit, 
the sort/pack efficiency must be improved. Although there may be 
a multitude of reasons why the yellow team's sort/pack process step 
has a relatively low average net flow rate, the report clearly identifies 
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where in the manufacturing process resources and attention should 
be focused. 

Fig. 1 7 illustrates a work cell value creation module logic 86 
identified in Fig. 7. The logic module determines how much value a 
5 particular work cell is generating. A work cell and time period is 
selected in logic block 180. Relevant work cell data for the selected 
time period and work cell is collected in logic block 181. Value 
created for each workorder is then calculated in logic block 1 82 and 
value creation variables are summarized for the selected time period 
10 in logic block 183. Finally, the cycle time costing variables are 
output in a report format in logic block 184. A value creation report 
format is illustrated in Fig. 18. 

Work cell value created is determined by: 

VC = WR » WAY * WFE * WLE (Equ. 16) 

where: 

VC is Value Created; 
WR is Work Cell Revenue; 
WAY is Work Cell Average Yield; 
WFE is Work Cell Flow Efficiency; and 
WLE is Work Cell Labor Efficiency. 

Work Cell Revenue credits the work cell with the sales value of the 
25 good units the work cell produced during the time period selected. 
Work cell Revenue is defined as: 

WR = Z NAQWjl^p, * ASPs x {Equ. 17) 



15 



20 



26 

Work Ceil Average Yield measures the overall yield of the work cell 
for the period selected. Work Cell Average Yield is defined as: 

WAY = Z NAQWjl.Cyp./I AQWjl t c v p z (Equ. 18) 

Work Cell Flow Efficiency credits the work cell for the efficient use 
of processing time. Work Cell Row Efficiency is defined as: 

WFE = Z WWNCTw j l t c v p z /Z WWGCTWjl t c v p z (Equ. 19) 

Work Cell Flow Efficiency can also be an average weighted by 
stocknumber or workorder lot volume. Work Cell Labor Efficiency 
credits the work cell for the efficient use labor in the course of 
processing units. Work Cell Labor Efficiency is defined as: 

WLE = Budgeted Labor Costc v p z /Actual Labor Costc y p z 

(Equ. 20) 

By applying the three efficiency factors to the total sales value 
of the product, the value the work cell created can be determined. 
In using the efficiency factors (WAY, WFE and WLE), the work cell 
can directly see how to increase value. A work cell can compare its 
performance with that of other work cells, in addition, a weighting 
could be applied to the efficiency factors to adjust the relative values 
of the factors and their impact on value creation, or to provide 
further incentive to improve a particular efficiency. 

Fig. 19 illustrates a scrap chargeback module logic 89 
identified in Fig. 7. Each work cell and workorder is identified in 
logic block 190. Work cells allocate scrap by using scrap codes and 
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quantity inputs in logic block 191. Depending upon the scrap code 
and particular work cell reporting the scrap, yields are adjusted. For 
example, if process step D detects a plating error in a portion of a 
lot, a worker in a process step D work cell inputs the quantity of the 
5 scrap and a scrap code indicating a plating problem. Central 
processing 10 will then charge customer reported scrap 72, as 
illustrated in Fig. 6, to the appropriate plating work cell. However, 
if process step D detects a stamping error in a portion of a lot, a 
different scrap code would be entered and a particular stamping 

10 process step work cell would be assigned a scrap chargeback by 
central processing 10. Thus, scrap chargebacks are determined by 
the reporting work cell and scrap code input used. Scrap 
chargebacks are summarized by process steps in logic block 192. 
Each work cell and workorder accept quantities AQ and complete 

1 5 quantities CQ are adjusted for chargebacks for a particular workorder 
in logic block 193. Work cell and workorders yields are then 
calculated using AQ and CQ quantities adjusted by chargebacks in 
logic block 1 94. 

The foregoing description of the preferred embodiments of the 

20 present invention has been provided for the purposes of illustration 
and description. It is not intended to be exhaustive or to limit the 
invention to the precise forms disclosed. Obviously, many 
modifications and variations will be apparent to practitioners skilled 
in the art. The embodiments were chosen and described in order to 

25 best explain the principles of the invention and its practical 
applications, thereby enabling others skilled in the art to understand 
the invention for various embodiments and with the various 
modifications as are suited to the particular use contemplated. For 
example, other embodiments which do not include a network or 
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central processing device are possible. A user could input work cell 
quantity and time data into a processing apparatus, specifically an 
apparatus memory location, which calculates and outputs cycle time 
costing data. The cycle time costing data may be output to a display 
5 screen, printer, or transferred by other communication media. It is 
intended that the scope of the invention be defined by the following 
claims and their equivalents. 
What is claimed is: 
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CLAIMS 

2 D A method for obtaining cost information in a 

3 manufacturing facility, comprising: 

4 storing time and quantity data from a work cell in a 

5 memory location; 

6 calculating cost information regarding the work cell in 

7 response to the time and quantity information; and 

8 outputting the cost information. 

1 2) The method of claim 1 wherein the work cell completes 

2 a manufacturing process step. 

1 3) The method of claim 1 wherein the time and quantity 

2 data includes a unit acceptance time and a unit acceptance quantity. 

1 4) The method of claim 2 wherein the time and quantity 

2 data includes a begin run time of the manufacturing process step. 

1 5) The method of claim 2 wherein the time and quantity 

2 data includes a complete run time of the manufacturing process. 

1 6) The method of claim 2, wherein the time and quantity 

2 data includes a complete quantity of the manufacturing process step. 

1 7) The method of claim 1 , wherein the cost information 

2 includes gross cycle time. 



1 
2 



8) The method of claim 1 , wherein the cost information 
includes net cycle time. 
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1 9) The method of claim 2, wherein the cost information 

2 includes a scrap quantity of the manufacturing process step. 

1 10) The method of claim 1 , wherein the outputting of cost 

2 information includes outputting cost information to a display. 

1 1 1 ) An apparatus for improving a manufacturing process, 

2 wherein the manufacturing processes include a work cell for 

3 completing a process step, comprising: 

4 means for obtaining unit quantity and time data from the 

5 work cell; 

6 means, coupled to the means for obtaining, for 

7 calculating cycle time costing data in response to the unit quantity 

8 and time data; and, 

9 means, coupled to the means for calculating, for 
10 outputting cycle time costing data. 

1 12) The apparatus of claim 11, wherein the means for 

2 obtaining includes a bar code scanner coupled to a computer. 

1 13) The apparatus of claim 1 1 , wherein the unit quantity 

2 and time data includes unit acceptance quantity and unit acceptance 

3 time. 

1 14) The apparatus of claim 11, wherein the unit quantity 

2 and time data includes begin run time. 
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1 15) The apparatus of claim 1 1 , wherein the unit quantity 

2 and time data includes complete run quantity and complete run time. 

1 16) The apparatus of claim 11, wherein the means for 

2 calculating includes a computer. 

1 17) The apparatus of claim 16, wherein the computer is 

2 coupled to a network and the network is coupled to the means for 

3 obtaining. 

1 18) The apparatus of claim 11, wherein the means for 

2 outputting includes a printer. 

1 19) The apparatus of claim 11, wherein the means for 

2 outputting includes a display. 

1 20) The apparatus of claim 11, wherein the means for 

2 outputting includes a projection display nearby a work cell. 

1 21 ) An apparatus for improving factory profitability, wherein 

2 the factory includes a plurality of production lines for manufacturing 

3 a product and a production line includes a plurality of work cells; 

4 comprising: 

5 means for obtaining unit information from a work cell in 

6 the production line, the information including time and quantity 

7 information; 

8 local processing means, coupled to the means for 

9 obtaining, for storing unit information; 
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1 central processing means, coupled to the local 

2 processing means, for calculating cycle time costing data; and, 

3 means, coupled to the central processing means, for 

4 outputting cycle time costing data. 

1 22) The apparatus of claim 21, wherein the cycle time 

2 costing data includes bottleneck information. 

1 23) The apparatus of claim 21, wherein the cycle time 

2 costing data includes gross cycle time and net cycle time for a work 

3 cell in the production line. 

1 24) The apparatus of claim 21, wherein the cycle time 

2 costing data includes a gross cycle time and a net cycle time for the 

3 product manufactured in the production line. 

1 25) The apparatus of claim 21, wherein the cycle time 

2 costing data includes a scrap rate. 

1 26) The apparatus of claim 21, wherein the means for 

2 outputting includes a printer. 

1 27) The apparatus of claim 21, wherein the means for 

2 outputting includes a projection display nearby the work cell. 

1 28) The apparatus of claim 21, wherein the means for 

2 obtaining includes a bar code scanner. 
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1 29) The apparatus of claim 21, wherein the means for 

2 obtaining includes a keyboard coupled to a computer. 

1 30) The apparatus of claim 21 , wherein the local processing 

2 means includes a computer. 

1 31) The apparatus of claim 21, wherein the central 

2 processing means includes a server coupled to a computer. 

1 32) The apparatus of claim 31, wherein the central 

2 processing means includes a work cell activity module, 

1 33) The apparatus of claim 31, wherein the central 

2 processing means includes a work cell value creation module. 

1 34) The apparatus of claim 31, wherein the central 

2 processing means includes a manager report module. 

1 35) The apparatus of claim 31, wherein the central 

2 processing means includes a bottleneck costing module. 

1 36) The apparatus of claim 31, wherein the central 

2 processing means includes a scrap chargeback module. 

1 37) An apparatus for obtaining information from a 

2 manufacturing facility having a plurality of production lines, a first 

3 production line having a plurality of work cells; comprising 

4 a first local device for inputting time and quantity 

5 information from a first work cell in the plurality of work cells; 
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1 a central processing device, coupled to the first local 

2 device, for calculating cycle time costing data, including gross cycle 

3 time and net cycle time, in response to the time and quantity 

4 information from the first work cell; and 

5 an outputting device, coupled to the central processing 

6 device, for outputting the gross cycle time and net cycle time of the 

7 first work cell. 

1 38) The apparatus of claim 37, further comprising a second 

2 local device, coupled to the central processing device, for inputting 

3 time and quantity information from a second work cell in the plurality 

4 of work cells. 

1 39) The apparatus of claim 38, wherein the central 

2 processing device calculates cycle costing data, including gross cycle 

3 time and net cycle time for a product manufactured on the first 

4 production line, in response to the time and quantity information 

5 from the first and second work cells. 
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